In a recent article, I showed that in several academic disciplines in Italy, professors display a paucity of last names that cannot be explained by unbiased, random, hiring processes. I suggested that this scarcity of last names could be related to the prevalence of nepotistic hires, i.e., professors engaging in illegal practices to have their relatives hired as academics.
Introduction
Cases of nepotism have been documented in Italian universities [1] . Professors were found to engage in illegal practices to have relatives hired as academics in their institution or within the same discipline at other universities. Because the prevalence of nepotism in Italian academia is largely unknown, I recently proposed a statistical method to estimate rates of nepotism based on the distribution of last names of Italian academics [2] . My results confirmed the findings obtained with more complex techniques [3] , namely that a) some disciplines are more likely to display nepotistic tendencies, and b) a latitudinal pattern exists, showing a higher probability of nepotism in the south of the country and in Sicily.
The method is simple and requires minimal data, only a list of the names of all professors in Italy, and their corresponding discipline. For a given discipline, count the number of academics N and the number of unique last names L. Then draw a random sample from the list of all Italian professors, taking N professors without repetition. Finally, compute the probability p that a number of unique last names L ≤ L is found in a sample. If the probability is very low, i.e., it is difficult to find a sample with a number of last names smaller than that empirically observed for the discipline, then the scarcity of last names in the discipline cannot be explained by unbiased (i.e., random) hiring processes.
Clearly, the method does not measure nepotism per se [2] , only whether the scarcity of last names can or cannot be explained by a random process. The reasoning for nepotism comes from the lack of alternative explanations for the scarcity of last names. In my work I examined disciplines, which are quite uniformly represented geographically, and thus geographical considerations are unlikely to account for the scarcity of last name in specific disciplines. Scarcity of last names could be due to "career following", the tendency of offspring to follow their parents' careers, but I argued that this is quite unlikely [2] , as even extremely specific fields of research yield a significant scarcity of last names. For example, "Philosophy and theory of languages" has significantly fewer names than expected at random [2] . Although the sons and daughters of professors in this discipline could be attracted towards philosophy or linguistics, the expecta-tion that they will naturally become professors of "Philosophy and theory of languages" is far fetched.
The study attracted much attention in Italy, receiving praise and criticism in equal measure in the popular media. However, only the study by Ferlazzo & Sdoia [4] addressed the results from a scientific standpoint. In summary, Ferlazzo & Sdoia criticized my method and argued that neglecting to consider the regional distribution of last names is likely to bias the conclusions.
They also repeated the analysis I proposed on a set of professors in the United Kingdom, finding a scarcity of last names comparable to the Italian case. Finally, they repeated the analysis of Italian professors using first (given) names rather than last names, finding that several disciplines "somewhat surprisingly" display a paucity of first names. They concluded that the method I proposed cannot measure nepotism, and that the results I presented are better explained by "social capital transfer", or by geographic and demographic considerations.
Here I show that social capital transfer, geography and demography do not account for my results or those of Ferlazzo & Sdoia. In fact, a) the results obtained using Italian academics' last names are not affected by the regional distribution of last names -repeating the analysis on a regional or macro-regional basis yields consistent results, b) the scarcity of first names in some disciplines is completely driven by skewed gender representation and immigration, and c) immigration -not social capital transfer -is key to explaining the United Kingdom result.
Having ruled out the effects of immigration and those stemming from the regional distribution of names, the suspicion of nepotism, with a concentration in the south, is strengthened, rather than weakened.
In addition, I show that academic positions in some disciplines tend to be "inherited" as last names are. In Italy, women maintain their maiden name, while sons and daughters only take the last name of their father. As such, if we analyze only women, the potential for discovering nepotism is greatly reduced (we can only find inter-sibling nepotistic hires or those involving distant relatives); on the other hand, when analyzing only men we have a higher potential to discover nepotism, as pairs of fathers and sons included in the set would share the same last name. Analyzing Italian academics divided by gender I find no significant results with women, but highly significant results with men: academic positions tend to be inherited within families.
Note that other geographic and demographic effects would equally impact males and females.
The new analysis no only strengthens my findings, but highlights that the proposed method -as with any statistical procedure -cannot be applied to a dataset without first carefully considering the characteristic of the data, and without critically interpreting the results.
Results and Discussion
Italy -Last Names: Regional Analysis Confirms the Initial Findings
In this section, I show that repeating the analysis I perfomed on the whole set of Italian professors [2] using only the professors working in a region or macro-region yields comparable results: the scarcity of last names in some disciplines cannot be explained by unbiased processes, and the likelihood of nepotism is higher in the south and in Sicily.
Using the same data as in Allesina [2] , last names have been transformed to upper case, and spaces and apostrophes have been removed. I repeated the same analysis [2] using: a) all academics; b) academics divided into those working in the north, center, and south of Italy, those working in Sardinia and those in Sicily; and c) academics working in each of the 20 Italian regions. I present results obtained using 10 5 simulations for each case. I computed a p-value only for disciplines with more than 50 professors (since for small disciplines even significant differences would be negligible from a practical standpoint). All code and data required for repeating the analysis accompanies this article.
Throughout the article, I call highly significant results yielding a p-value ≤ 0.05 associated with a q-value ≤ 0.05. That is, the highly significant results have low probability of being obtained at random (low p-value) and low probability of being false positives (low q-value). I computed q-values using the R package qvalue using the bootstrap method [5] .
In Table 1 I report results for the regional analysis. When considering all academics, 11 disciplines show a highly significant scarcity of last names, with six having extremely small pvalues ≤ 0.01 (Industrial Engineering, Law, Medicine, Geography, Pedagogy and Agriculture). I then divided the academics into macro-regions and repeated the analysis. Clearly, using smaller samples necessarily reduces the statistical power. Considering only the north (the regions Aosta Valley, Liguria, Lombardy, Piedmont, Emilia-Romagna, Friuli-Venezia Giulia, Trentino-Alto Adige and Veneto) and repeating the analysis using the subset of professors working in this part of the country I find a single discipline yields significant results (Industrial Engineering). In the center (Lazio, Marche, Tuscany and Umbria), Medicine and Chemistry yield a significant scarcity of last names. Note that these three disciplines are included in the total list of 11 that were significant at the national level. The results in the south show a higher number of potentially nepotistic disciplines, with 8 significant results (6 included in the list of 11 significant at the national level). In Sicily 7 disciplines produce highly significant results (5 in the list of the 11). In Sardinia, mainly due to the small sample size, no result was highly significant. In summary, disciplines found to be problematic at the national level are among those problematic at the macro-regional level.
Repeating the analysis at the smaller, regional level further confirms these findings. For each of the 20 Italian regions, I computed a p-value for each discipline with more than 50 professors, and counted how many results were ≤ 0.05. Medicine yields low p-values in 8 regions out of 16, Industrial Engineering in 6 regions out of 15, Law in 4 out of 17 (Table 1) . If we order disciplines according to the proportion of regions in which we find p-values ≤ 0.05, we find that the four with the highest proportions are included in the list of the six with the lowest p-values at the national level.
The regional and macro-regional analysis of last names confirms the findings of my previous work [2] . Some disciplines have a highly significant scarcity of last names, which can be interpreted as a higher likelihood of nepotism. The scarcity of last names is more marked in the south of the country and in Sicily. Note that the analysis has been conducted using a regional or macro-regional pool of names, and thus is not compatible with the explanation of Ferlazzo & Sdoia who conjecture that the results could be explained by "migration [that] might have produced a larger variability of last names in the northern regions and a lower variability (i.e., more shared names) in the southern regions" [4] . These results are not surprising, as they closely match the logistic regression analysis I performed [2] and the study of Durante et al. [3] : even when considering the local distribution of last names, the scarcity of last names in some disciplines cannot be explained.
Italy -First Names: Gender Drives the Results
In this section, I show that analyzing first names in Italian academia simply highlights that in some disciplines women represent a small minority of the professors.
The analysis of first names yields five disciplines with a highly significant scarcity of first names (Table 2) To further test this hypothesis, I repeated the first-name analysis dividing the professors according to gender. Among males, only Electronic Engineering produces highly significant results. Among females (representing about one third of the professors), four disciplines are significant, meaning that gender can explain the results for males but not for females.
In order to understand this new result, we have to recongnize a subtle characteristic of the data. Immigration is unfortunately quite rare in Italian academia, with the exception of a few disciplines. In Linguistics, for example, native speakers are routinely hired to teach languages. In Italy, immigration has little effect on the analysis of last names, as there are very few immigrants and most last names are rare even among the native Italians. Thus, the influx of rare foreign last names has negligible effects. However, the analysis of first names can be greatly impacted by immigration, as most Italian first names are very common. Among all 61,340 professors, we find about 27,000 last names, but only about 7,000 first names. The most common last name, ROSSI, is observed 225 times, while the most common first name, GIUSEPPE, more than 1,400 times. Because immigrants represent a source of unique or very rare first names, they could bias the results by introducing unique first names in some disciplines but not in others. The effect is likely to be larger for women, as there is one distinct first name for every 5 male professors, but only one distinct first name for every 7 women.
How can we remove immigrants from the analysis? Unfortunately, information on the birthplace of Italian professors is not available. To determine which disciplines are most affected by immigration, I compiled a list of the 7,500 most common Italian last names from phone book data (included with this article). I then measured the proportion of common names in each discipline. Common last names represent on average 52% of the last names in each discipline, with Linguistics (43%) and Anthropology (42.6%) being the two disciplines with fewer common last names (bottom 5% of the distribution), and thus more likely to include many immigrants.
Removing the two disciplines (which are among the smallest, representing about 3% of the professors combined) yields one significant result for each gender (M: Electronic Engineering, F: Chemistry).
The scarcity of first names in some disciplines is therefore largely explained by gender representation and immigration. Social capital transfer, geographic or demographic effects appear to have no appreciable effect. What is "somewhat surprising", therefore, is not the result itself, but rather that Ferlazzo & Sdoia failed to consider gender as a potential explanation. In fact, countless studies identified uneven gender representation in science and technology [6, 7] , and several initiatives have been implemented both in the European Union and in the United States to solve this grave problem. A trivial prediction that arises from these findings is that, when analyzing the distribution of first names in any top institution, one would find -unfortunately -exactly the same result: too few last names are present in the STEM disciplines, because too few women work in these fields.
United Kingdom -Last Names: Immigration Drives the Results
In this section, I show that the results for the set of United Kingdom professors can be explained by immigration, which affects some disciplines more than others.
The dataset from the Research Assessment Exercise (RAE) 2008 is not as well-suited for analysis as the Italian one. In fact, not all professors are present, and each professor may be present more than once -following transfers between institutions [4] . Given that this latter characteristic could greatly hamper the analysis of last names, I follow Ferlazzo & Sdoia [4] by removing duplicate records identifiable as professors with the same last name and initials (first names are not available) working in the same discipline. Moreover, in the United Kingdom it is very common for married women to take the last name of the husband. This can be accomplished in a number of ways: the woman can take the husband's last name, the two names could be hyphenated, or the prefix "nee"' could be added in front of the maiden name. Because the dataset contains all types of composite names, I kept only the first name in the case of hyphenated names (e.g., "PORCELLINI-SLAWINSKI"), and removed any name in parenthesis (e.g.,"MCCARTHY (FORMERLY RIBBENS-MCCARTHY)", "NAUGHTON (NEE LESNIEWSKA)"). This is important, as otherwise married women would add unique names to the set, biasing the analysis, although Ferlazzo & Sdoia did not seem to consider this complication. Note that this is not a problem in the Italian dataset, as women in Italy maintain their maiden name.
In many countries "spousal hires" (i.e., hiring a couple at the same time) are encouraged, and marriage -with consequent change of last name -could happen after both partners have been hired. As such, in these countries we expect the scarcity of last name to over-represent nepotism, rather than greatly under-estimate it as in the Italian case -where spousal hires are explicitly forbidden and women keep their maiden name.
I analyzed the 67 self-reported disciplines of the RAE (Units of Assessment, Table 3 ). The results clearly signal that something other than social capital transfer is responsible for the results. To test whether immigration, rather than social capital transfer, could explain the significant results, I took the 7,500 most common last names in the United Kingdom (data included with the article) and repeated the analysis using only the professors whose name is included in the set. The rationale is that by analyzing only common names, the relevance of social capital transfer would remain unchanged (we can assume it is equally likely to happen regardless the last name), but the effect of immigration, i.e., the influx of rare names, would be greatly reduced.
Clearly, the use of phone book data is not optimal, as common immigrant last names are present (e.g., GALLO, RICCI and ROSSI, common Italian last names, the common Indian last names NAIR, SHARMA, SINGH, PATEL, and the common Chinese CHANG, CHONG, LING, TANG, WONG, YANG are all present in the 7,500 names). Moreover, we are removing the last names of native professors when rare, reducing statistical power. However, in the absence of data on the immigration status of the academics, this analysis serves as a reasonable first approximation.
Repeating the analysis using only the 7,500 "common" names yield only three highly significant results instead of the 24 obtained when using all names (two included in the original list of 24). Thus, immigration largely accounts for the observed pattern.
Analysis of Italian Last Names -Effects of Immigration and Gender
In this section, I show that the results obtained for the Italian last names are robust to the removal of rare names, and that academic positions tend to be inherited within families.
To show that the results in the Italian case are robust, I repeated the analysis of last names using only the 7,500 most common Italian last names (Table 4) . Of the six disciplines yielding the lowest p-values when analyzing all names, all but Agriculture are still highly significant.
Hence, although there has been a reduction in the number of highly significant disciplines, it is much less marked than in the United Kingdom case.
Analyzing the last names by gender provides an interesting test. In fact, because in Italy only the last name of the father is passed on to sons and daughters, the potential for nepotism is greatly reduced when analyzing only women. Among women, only intra-sibling nepotistic hires or those involving distant relatives would be recorded, while among men father-son relationships would also be counted. Besides this difference, the geographical and demographic distribution of last names should affect men and women equally, providing a strong test for the absence of these effects. I therefore repeated the analysis of last names dividing professors into men and women. The results provide strong support for the "inheritability" of academic positions within families (Table 4 ). In fact, four disciplines (Medicine, Law, Industrial Engineering and Political Science) yield a significant scarcity of last names when considering only men, while no discipline is significant when considering only women.
Conclusions
In my previous article [2] , I proposed a method to determine whether the scarcity of names in a discipline could be determined by unbiased processes. This is not the case for some disciplines in Italy when analyzing first or last names, and in the United Kingdom analyzing last names.
However, the cause for the scarcity of names differs between these cases.
When analyzing Italian first names, I showed that the fraction of women in each discipline strongly correlates with the significance (p-value). Hence, my method -as applied by Ferlazzo & Sdoia [4] -can be seen as a computationally-intensive technique to measure the obvious gender representation bias in, typically, STEM disciplines. Note that in these disciplines there really are fewer first names than one would expect, but the problem this result is highlighting -the scarcity of women in STEM disciplines -is much more difficult to solve than nepotism, and unfortunately affects academic institutions worldwide.
The analysis of last names is better suited to systems where immigration is negligible, as the Italian case. When applied to a system where immigration is common, and more common in some disciplines than others, the scarcity of last names signals the differential impact of immigration, rather than nepotism.
These findings stress that statistical tests cannot be applied to a dataset without considering the special characteristics of the data and critically interpreting the results. Many of the conjectures in Ferlazzo & Sdoia [4] could have been tested quite easily, as shown here. And in fact, testing for the absence of geographical and demographic considerations make the case for nepotism stronger.
In Italian academia, some disciplines, especially Medicine, Law and Industrial Engineering, yield a scarcity of last names that cannot be explained neither by geographic nor demographic considerations, a finding that is also robust to analysis of common names only. When testing only men or women, I showed that positions tend to be "inherited" as with last names, i.e., from father to son. All these considerations lead to the conclusion that nepotism is the most logical explanation for these findings. 
, where p i is the p-value for discipline i reported in Table 2 as a function of the fraction of women in the discipline. To avoid numerical problems, values < 10 −6 have been set to 10 −6 and those > 1 − 10 −6 to 1 − 10 −6 . For each discipline, I report the number of academics, the number of last names and the p-value obtained considering all professors. For each macro-region (North, Center, South, Sardinia, Sicily), I report the p-value obtained repeating the analysis on the subset of professor working in the macro region. I also report the proportion of regions in which a discipline yields a p-value ≤ 0.05 and the count of regions with low p-values. In fact, I only considered regions in which 50 or more academics are working in a given discipline. Underlined (highly significant) values are those with p-value and q-value ≤ 0.05. For each discipline, I report the number of academics, the number of first names and the p-value obtained considering the first names of all professors. I then computed the p-values for the first names within each discipline when I divide the professors in female (F-p) and male (M-p). Finally, I compute the p-values when the professors in Linguistics (L-LIN) and Demography and Ethnology (M-DEA) have been removed (F-p', M-p'). These two fields contain the highest proportion of foreigners, providing a source of unique or very rare first names. For each discipline, I report the p-value obtained considering the last names of all professors. I then computed the p-values when only the 7,500 most common last names are considered, and when professors are divided according to gender.
